BRAF genes occur in 32% and 14% of cases, respectively. Studies have also shown that 26 CRC is frequently associated with mutations in genes that encode for PI3K, PI3KCA, 27
and PTEN (an endogenous inhibitor of PI3K activity), resulting in an overexpression of 28 Akt (10-13). Considering the high incidence of CRC, inhibitors of these pathways are 29 actively being searched for use in the control of cancer progression (14) (15) (16) . 30
Epidemiologic studies have shown that western type diets, poor in vegetables 31 and fruits, are risk factors known associated with CRC, suggesting that nutritional 32 factors may also be preventive and also helpful in the control of cancer (17) (18) (19) . In fact 33 green and black tea consumption has been shown to be effective in the initiation, 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w O n l y Xavier 5 After filtering, the water extract was lyophilized to dryness. The extracts of both sages 75 were made using batches of the plants which composition, in terms of phenolics 76 compounds, have already been published (25, 26) . In brief, SF water extract contain as 77 major phenolic compound rosmarinic acid (RA; 71.5µg/ml), 6-hydroxyluteolin-7-78 glucoside (22.7µg/ml), a not identified flavone heteroside (28.6µg/ml) and the 79 remaining phenolic compounds representing 0.8µg/ml. SO water extract contain as 80 major phenolic compounds RA (52.0µg/ml), luteolin-7-glucoside (19.7µg/ml) and the 81 remaining phenolic compounds representing 2.7µg/ml. 82
Stocks solutions of PD and W were made in dimethyl sulfoxide (DMSO) and 83 aliquots were kept at -20ºC. Therefore, DMSO (0.5%) was included in cell culture for 84 the other conditions (controls and extracts/RA) to exclude any possible DMSO effect. 85
86
Cell culture 87 HCT15 and CO115 human colon carcinoma-derived cell lines were a gift from 88 Dr. Raquel Seruca (IPATIMUP, University of Porto, Portugal) and were maintained in 89 culture at 37ºC in a humidified 5% CO 2 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w  O  n  l  y   Xavier 6 Preliminary experiments using the MTT assay were performed in order to 100 choose concentrations of SF and SO extracts that inhibited around 50% cell 101 proliferation without cytotoxic effects. RA was tested in similar concentrations to the 102 ones found in the extracts at the concentrations used and also did not induce cytotoxic 103 effect. After 45h of treatment with sage extracts or RA at different concentrations, 104 bromodeoxyuridine (BrdU; Sigma-Aldrich) was added to the culture medium in order to 105
give a final concentration of 10µM, and then incubated for another 3h. and fixed with 4% paraformaldehyde for 15min at room temperature and then attached 123 into a polylysine treated slide using a Shandon Cytospin. Cells were washed in PBS and 124 TPBS between the different incubations. Immunoreactive bands were detected using the 146
Immobilon solutions (Millipore, Billerica, MA, USA) under a chemiluminescence 147 detection system, the Chemi Doc XRS (Bio-Rad Laboratories, Inc.). Band area intensity 148 was quantified using the Quantity One software from Bio-Rad. β-actin was used as a of each extract that were not cytotoxic and inhibited cell proliferation around 50% were 166 chosen for the subsequent studies. Since RA is the main phenolic compound of these 167 extracts, we also tested RA in similar concentrations to the ones found in the extracts 168 under our experimental conditions. 169
The effects of sage extracts and RA on cell proliferation of both cell lines were 170 tested using the BrdU incorporation assay. As shown in Fig. 2A , a significant inhibition 171 of HCT15 cell proliferation by both SF and SO was observed at all concentrations 172 tested. Levels of BrdU incorporation significantly decreased from 26.2% in the control 173 to 4.7% in HCT15 cells treated with 50µg/ml of SF and SO extracts. In CO115 cells, SF 174 and SO did not inhibit significantly cell proliferation (Fig. 2B) . No significant inhibition 175 of cell proliferation was observed in both cell lines treated with RA ( Fig. 2) . Comparing 176 the effects of sage extracts in the two cell lines, we observed that SF extract was 177 somewhat more active than SO and HCT15 cells were more sensitive to the sage 178
extracts. 179 180

Effects on apoptosis 181
The ability of SF, SO and RA to induce apoptosis in human colon carcinoma-182 derived cells were studied using the TUNEL assay. As shown in Fig. 3 , both Salvia 183 extracts and RA significantly induced apoptosis in a concentration dependent manner in 184 both HCT15 and CO115 cells. Apoptotic cells in HCT15 increased from 0.4% in the 185 control to 6.6%, 5.8% and 2.5% in SF, SO and RA treatments, respectively, at the 186 higher concentrations tested (Fig. 3A) . In CO115 cells, apoptotic cells increased from 187
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